Surfactant effects on cell permeability of Beta vulgaris L root tissue by Millaway, Robert Michael
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1969
Surfactant effects on cell permeability of Beta
vulgaris L root tissue
Robert Michael Millaway
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Botany Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Millaway, Robert Michael, "Surfactant effects on cell permeability of Beta vulgaris L root tissue " (1969). Retrospective Theses and
Dissertations. 4133.
https://lib.dr.iastate.edu/rtd/4133
70-13,613 
MILLAWAY, Robert Michael, 1942-
SURFACTÂNT EFFECTS ON CELL PERIffiABILITY OF 
BETA VULGARIS L. ROOT TISSUE. 
Iowa State University, Ph.D., 1969 
Botany 
University Microfilms, Inc., Ann Arbor, Michigan 
THIS DISSERTATION HAS BEEN MICROFILMED EXACTLY AS RECEI\ŒD 
SURFACTANT EFFECTS ON CELL PERMEABILITY OF 
BETA VULGARIS L. ROOT TISSUE 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Major Subject; Plant Physiology 
by 
Robert Michael Millaway 
Approved: 
In Charge of Major 
Major Department 
of Gradu; 
Iowa State University 
Of Science and Technology 
Ames, Iowa 
1969 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
TABLE OF CONTENTS 
Page 
INTRODUCTION 1 
REVIEW OF LITERATURE 2 
MATERIALS AND METHODS 11 
Leakage of Betacyanin Pigment from Red Beet Discs 11 
Effect of Tween-20 on the Salt Relations of Beet Root Tissue 13 
Respiratory Effects of Tween-20 15 
Statistical Analysis 16 
RESULTS 17 
Effects of Tween-20 on the Efflux of Betacyanin from 
Beet-root Tissue 17 
Respiratory Response to the Presence of Tween-20 25 
Effect of Tween-20 on the Uptake and Retention of Rb 
by Beet-root Tissue Slices 34 
DISCUSSION 53 
SUMMARY 63 
LITERATURE CITED 66 
ACKNOWLEDGMENTS 72 
1 
INTRODUCTION 
The use of surface-active agents in pesticide formulations has 
become common practice. Originally, the purpose of surfactant additives 
was to improve the spray properties of the chemical to be applied by 
acting as a co-solvent or an emulsifier, by prevention of drying of the 
spray deposit, and by increased wetting of the treated surface. It was 
found, however, that while surfactants did indeed produce these desired 
effects, the resulting enhancement of herbicide effectiveness could not 
be explained entirely by them. This suggested that either the herbicide-
surfactant combination comprised a particularly active complex or that 
the surfactant itself produced an exclusive toxic effect. The work 
reported in this thesis was undertaken to examine the latter. 
One of the many proposed effects of surfactants on biological 
systems is alteration of membrane permeability. Again, several mech­
anisms are suggested. Surfactants could facilitate movement of aqueous 
systems across lipo-protein membranes by virtue of their surface-tension-
reduction properties, their ability to solubilize water insoluble membrane 
components, their rather subtile ability to alter the conformation of 
macromolecules such as proteins, or a combination of any or all of the 
above. 
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REVIEW OF LITERATURE 
Surfactant additives have served a particularly useful purpose in the 
formulation and application of pesticides. Their ability to act as co-
solvents, entulsifiers, and humectants as well as to reduce the surface-
tension of aqueous systems has greatly influenced the effectiveness and 
selectivity of applied chemicals. Much work has been done to demonstrate 
the enhancement of the toxicity of herbicides, fungicides, and insecti­
cides (Swanson and Whitney, 1953; Bro^m, 1957; Koontz and Biddulph, 1957; 
and Smith e^ al., 1967). 
In their review article. Currier and Dybing (1959) postulated several 
mechanisms by which surfactant might alter the effectiveness of applied 
herbicides. Among these are effects on spray retention and penetration of 
plant surfaces. A number of events suggested as prerequisite to the above 
effects are increased coverage, increased contact and retention at accumu­
lation sites by prevention of drying or by action as a cosolvent for the 
herbicide, and altered membrane permeability. All of the above-mentioned 
may have their basis in the surface tension reduction properties of sur­
factants. Staniforth and Loomis (1949) demonstrated that surface-active 
agents enhanced 2,4-D effectiveness as shown by increased rate and severity 
of phytotoxicity. Likewise, Weintraub ^  al., (1954) found that a non-
ionic detergent, Tween-20, enhanced the entry of 2,4-D into leaves of 
Phaseolus even at surfactant concentrations which had no effect on the 
surface-tension of the applied solution. Further, Dybing and Currier 
(1959), in a re-examination of stomatal penetration by applied chemicals 
have shown that this may only take place in the presence of high 
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concentrations of surface-active agents. Moreover, since they examined a 
wide variety of agents of differing chemical structure and at such high 
concentrations, it was concluded that the surface-tension reduction of the 
solution was not the sole cause of the effects. This contention is sup­
ported by Leonard (1958) and Sargent and Blackman (1962), who found that 
the concentration of Tween-20 that induced maximal entry of 2,4-D (above 
that required to reduce surface-tension) is dependent upon the concentra­
tion and extent of acid dissociation of 2,4-D in the formulation. Webster 
(1962) reports similar results. 
Nevertheless, the mode of action of the surfactant itself remains 
obscure. Swales and Williams (1956) found that the addition of non-ionic 
surfactants to fungicide sprays enhanced the control of apple scab. They 
proposed that the effect was due to an increased uniformity of spray 
deposit rather than to a biological effect of the surfactant itself. 
Jansen (1964), confirming the earlier work of he and his colleagues (Jansen 
et al., 1961), has shown activity-concentration relationships. He further 
reported that the effects noted for the ethylene-oxide type of hydrophile 
was influenced by the lipoid moiety and varied with different herbicides 
and species of those herbicides. In separate investigations of phosphate 
accumulation by leaves, Barrier and Loomis (1957) found a general decrease 
in absorption of that anion in the presence of several detergents while 
Teubner e_t al., (1957) were unable to demonstrate an effect of the surfac­
tants. Neely and Phinney (1957), on the other hand, have shown a marked 
promotion by Tween-20 of foliar penetration of the growth regulator gibber-
ellic acid in corn. 
No matter what the effects of surface-active agents may be at the 
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spray-droplet-plant surface interface, cuticular transport and subsequent 
absorption and translocation of the applied chemical(s) must have occurred 
prior to the onset of phytotoxicity. Using a fluorescent dye, Dybing and 
Currier (1959) showed a definite enhancement of foliar accumulation of 
the stain when combined with the surfactant Vatosol OT at concentrations 
above 0.01% to 5%. The dye solution containing no surfactant did not 
penetrate in the same five-minute treatment period. It was further re­
ported that when surfactant was included, penetration of the lower surface 
of Zebrina leaves was more rapid than that of the upper surface. Rapid 
penetration of the lower surface was greatly favored by open stomata while 
closed stomata prevented it. These results were confirmed in leaves of 
cotton. Red Kidney bean, dandelion, apricot, grape, and plum. The subse­
quent appearance of the dye in the substomatal chambers lent further sup­
port to the contention that open stomata participated in the initial rapid 
penetration. At high Vatosol OT concentrations, dye was found in the 
protoplasts of the epidermal and mesophyll cells. Since the dye used does 
not appear to traverse "normal" cell membranes, this suggests possible 
toxic effects of the surfactant. However, the "normal pathway" from the 
site of entry seemed to be via the anticlinal cell walls to the conductive 
tissue. Sargent and Blackman (1962), on Ihe other hand, found that the 
addition of Tween-20 to 2,4-D solutions increased the penetration through 
both surfaces of bean leaves in both the light and the dark. This is 
clearly contradictory to the results of Dybing and Currier (1959) above, 
particularly when it is noted that there was no major effect of Tween-20 
as would be expected if closed stomata prevented flow of solutions of high 
surface-tension. This is confirmed by Jyung and Wittwer (1965), who 
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reported foliar absorption of the nutrient element rubidium (Rb) to be more 
a function of stomatal frequency and leaf thickness than of stomatal open­
ing. Earlier, Goodman and Addy (1962) demonstrated that the movement of 
labelled organics through cuticular membranes excised from the lower sur­
face of apple leaves was greater than the movement through upper cuticle. 
Since the lower cuticle contains a much greater number of stomata, it is 
held that the reduction in cuticle thickness of the lining of the substom­
atal chambers may account for the better penetration of lower than upper 
cuticles by labelled compounds. 
Nevertheless, it is clear that foliar absorption of applied chemi­
cals is, in many instances, enhanced by the addition of surfactants, Franke 
(1964) has suggested that the addition of a surface-active agent to a 
foliar-applied spray solution results in the stomatal pores, the substoma-
tal chambers, and eventually the intercellular spaces becoming infiltrated 
with the solution. He supports this view in light of his earlier obser­
vations of the presence of concentrations of ectodesmata in the walls of 
the guard cells and in the anticlinal walls of the accessory and other 
epidermal cells (Franke, 1960 and Franke, 1961). Autoradiographs of ex­
cised spinach and Viola tricolor epidermal tissues treated with C-14-
sucrose (Franke, 1964 and Franke, 1967) showed silver grains crowded above 
the guard cells, but not the pores, and above the anticlinal walls of the 
accessory cells and other epidermal cells. More recent work has led to the 
demonstration of the existence of cuticular binding sites (Yamada e^ al., 
1964; Yamada et al., 1966; and Franke, 1967) and the correspondence of 
sites to the positions of the ectodesmata in the underlying stomatal and 
epidermal cells and their anticlinal walls (Franke, 1969). In fact, after 
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careful re-examination of cuticular binding sites, Franke (1969) has con­
firmed their occurrence in the inner cuticle of the stomatal chamber, thus 
implying that each stomatal apparatus is a marked area for penetration of 
aqueous solutions. 
Originally, the use of surfactant additives was directed toward the 
utilization of their surface-tension-reduction and cosolvency properties. 
However, from the literature cited above it is clear that there are certain 
effects not explained by discussions of the enhancement of spreading, re­
tention, and contact of an herbicide spray. Rather, there are certain 
effects exerted by the detergent itself. Seal et al., (1954), while study­
ing the effects of selected chemicals on alkaloid yield of Datura tatula 
(Jimson Weed), found no effect from foliar application of the non-ionic 
surfactant Tween-20. However, soil application, which did not preclude 
eventual root treatment, produced a marked increase in yield. Tween-20 
treatment of Ashbya gossypii almost doubled the yield of riboflavin into 
the medium, as measured spectrophotometrically, with no change in the 
fresh weight of the mycelium over the control (Smith et al., 1961). 
These results led the authors to the conclusion that there was an indirect 
effect of Tween-20 on the synthesis of riboflavin. They postulated that 
Tween-20 increased the permeability of the plasmalemma to riboflavin re­
sulting in loss of the end-product of an anabolic pathway, thus increasing 
the rate of riboflavin synthesis via that pathway. MacDowell (1963) found 
a stimulation of nicotine synthesis but a depression of nicotine excretion 
from tobacco roots by 0.001% Tween-20. However, treatment with lauric acid, 
the fatty acid hydrophobe of the Tween-20 molecule, and oleic acid stimu­
lated nicotine discharge. (Laurate and oleate are contaminants found in 
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the commercial formulation of Tween-20,) In this line, Kidder et al., 
(1954) showed that Tweens are effective in overcoming the toxicity of 
free fatty acids to Tetrahymena. even that which is one of its component 
side chains. Further, 0.001% Tween-20 stimulated Warburg respiration in 
excised roots and in mitochondrial preparations from roots (MacDowell, 
1963). It was postulated that this enhanced respiratory activity was 
probably due to metabolism of the Tween-20 molecule and subsequent un­
coupling of oxidative phosphorylation by the oleate present in the formu­
lation (approximately 8% unesterified oleate). From the excretion and 
respiration data, MacDowell (1963) concludes that the "stimulated escape 
of nicotine in oleate-laurate systems suggests a lowered barrier to its 
diffusion, an effect readily envisaged as a consequence of a decrease, 
via uncoupled respiration, of the energy supply required to maintain 
differential membrane permeability." Sokolski et al., (1962) reported 
results along this same line obtained in experiments on the protozoan, 
Ochramonas danlca. Four anionic detergents were found to be synergistic 
with neomycin. This synergism was attributed to the wetting activity of 
the detergents on the plasmalemma which changed the permeability and 
facilitated passage of materials. They supported this contention with 
data which demonstrates the increase in sensitivity of the cells by one 
of the surfactants, Tergitol-7, to osmotic effects of salt solutions. 
Similar detergent effects on erythrocytes have been shown by Lovelock 
(1954) and Lovelock and Rees (1955), who correlated the release of cho­
lesterol and phospholipid to lysis of the cells by non-ionic detergents. 
This release is probably the final result of membrane destruction, since 
Baker et al.. (1941) had proposed earlier that the phospholipid layer in 
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the cell membrane in Gram-negative bacteria may be protective to cells 
against surfactants. Cornforth et al., (1955) described the antituber­
culosis activity of a homologous series of polyoxyethylene ethers and 
found the highest activity was produced by those ethers with an average 
chain length of 10-20 ethylene-oxide units, while those containing 45-
90 units enhanced tuberculosis activity. (It should be noted that 
Tween-20 contains 20 ethylene-oxide units.) A marked stimulation of the 
growth of lactic acid bacteria was noted when cultured in the presence 
of Tweens-20, 80, and 85 (Williams et al., 1947). It was thought, how­
ever, to be partially due to the usage by the bacteria of fatty acid 
contaminants as metabolites. Moreover, Kidder et al.. (1954) found that 
Tetrahymena cells have the ability to break down fatty acid esters of 
the Tween 80 and 85 molecules. The free fatty acid products were then 
stored in the cytoplasm. Cells in older cultures extruded this stored 
lipid into the growth medium giving it a turbid appearance. Of 115 sur­
factants tested, Marwin (1959) found four which stimulated growth of 
several human fungal pathogens. All four of these were non-ionic and 
water soluble, two of which contained 1auric acid as their hydrophobe. 
Pronounced growth stimulation by these same detergents was later demon­
strated on additional pathogenic human fungi (Marwin, 1962). 
The fatty acid moieties of the Tween-type non-ionic surfactants have 
shown a number of conflicting but interesting results. As early as 1935, 
Dills and Menusan (1935) demonstrated that capric acid and lauric acid 
(C-10 and C-12, respectively) and their potassium soaps were more toxic 
as contact insecticides than were acids with longer or shorter carbon 
chains. This agrees quite well with the data of Tso (1964) from his work 
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on the effects of some fatty acids and their analogues on tobacco bud 
growth. He found 100% and 90% inhibition of axillary bud growth with 
suspensions of the surface-active methyl esters of caprate and laurate, 
respectively, higher and lower chain lengths being less effective. These 
derivatives and their free fatty acids were also found to correspond 
surprisingly well with his data on the respiratory effects of fatty acids 
on animal tissue. In further experiments, Tso (1964) treated tobacco 
plants in early stages of bud development with methyl caprate and found 
an inhibition of floral development, growth of young top leaves, and 
growth of axillary buds. Older plant parts were unharmed. He concluded 
the meristematic and differentiating tissues were particularly susceptible 
to damage and that tissues in advanced stages of maturity were not af­
fected, It was not clear, however, whether the result was due to physical 
effects from the change in surface-tension of the plasmalemma or to pene­
tration of the compound into the young tissue and thus affecting some 
biochemical system. 
Further growth effects of surface-active agents on tobacco were noted 
by MacDowell (1963). Tween-20 stimulated growth of excised roots and of 
intact plants in solution culture. Stowe (1958) previously reported that 
some Tweens stimulated the growth of pea epicotyl sections. He stated 
that this was probably due to fatty acid ester stimulation of auxin and 
gibberellin actions. In addition to the above conclusion, Stowe (1958) 
suggested that the detergents were not acting as growth regulators them­
selves but were synergistic with the endogenous hormones in the stem 
sections. Prill et al., (1949) found little effect of several non-ionic 
surfactants on the growth of wheat roots in solution except at high 
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concentrations where elongation was slightly inhibited. A slight depres­
sion of root growth by Tween-20, 40, 60, and 80 was noted by Parr and 
Norman (1964) in cucumbers. However, a 30% increase in growth of barley 
roots and a 50% increase in first-leaf growth was found as a result of 
Tween-20 treatment. All surfactants were used at a concentration of 0.01% 
v/v. A concentration of 0.015% Tween-20 also significantly reduced potassium 
uptake by excised barley roots. In a concentration series ranging from 
0.005% to 0.025%, potassium accumulation was depressed roughly in pro­
portion to the detergent concentration. This reduction was manifest in the 
first two hours after treatment, after which the rate of potassium uptake 
was approximately the same as that of the controls. There was thus some 
indication that the initial effect of the surface-active agent was subdued. 
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MATERIALS AND I-îETHOBS 
This study of the effects of Tween 20 on the permeability of plant 
cell membranes required a biological system which was responsive to 
surfactant treatments and which enabled quantitative measurement of the 
effects. The cells of red beet roots met these requirements. Much 
information exists in the literature on the salt relations âuù related 
metabolism of this tissue. Further, the presence of the vacuolar pig­
ment, betacyanin, offered an added bonus in that its retention or efflux 
are indices of the condition of the membrane. It logically follows then 
that any surfactant effects on cell permeability should be reflected as 
deviations from the "normal" course of the activities involved in the 
membrane-mediated phenomena of ion transport and betacyanin retention. 
Leakage of Betacyanin Pigment from Red Beet Discs 
Whole, fresh, red beets (Beta vulgaris L.) were topped and stored 
at 4 C in moist vermiculite, prior to use. Cylinders of the root tissue 
were cut parallel to the vascular bundles with a #6 cork borer measuring 
12 mm inside diameter. Cores were taken as far as possible from the 
central vascular region. Discs 1-2 mm thick were cut with a hand-operated 
rotary-blade food slicer. Those discs taken from the ends of the cylinders 
were discarded. The tissue slices were then placed in a perforated 
plastic greenhouse pot. The pot was covered with a wire screen and the 
entire assembly placed under a stream of tap water running at such a rate 
as to fill and overflow the pot. Washing in this fashion was continued 
for four hours or until no pigment was visible upon transfer of the discs 
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to a beaker of standing tap water for fifteen minutes. It was found that 
a standard wash time of four hours was adequate and subsequently was used 
throughout. 
Treatment solutions were made up in distllled-demlnerallzed water 
(BMW) (Bantam-Barnstead Demlnerallzer - Blue Cartridge) to a final treat­
ment volume of 100 ml per 125 ml Erlenmeyer flask. Each treatment was 
replicated three times. 
At time-zero, 15 discs (which weighed 5 gms i: 0.1 gm) were immersed 
in each flask; the flasks were swirled, and 5 ml aliquots were pipetted 
for the zero-time readings. After returning the samples to their respec­
tive flasks, the flasks were placed in a controlled temperature recipro­
cating shaker. Subsequent readings were taken at predetermined inter­
vals during the 24-hour treatment period by again withdrawing 5 ml or 
the ambient solution Into a cuvette and recording the percent transmlttance 
at 538 -mft against a water blank from a Bausch and Lomb Spectronic 20 
Colorimeter. After each reading, the samples were returned to the appro­
priate flasks and the flasks placed back In the shaker. In those experi­
ments run at temperatures below 25 C, the discs and the solutions were 
precooled for one hour to the proper temperature prior to time-zero. Low 
temperature experiments were removed from the shaker to the laboratory 
bench for reading, but care was taken to minimize temperature elevation 
by using waterbaths during the ten minutes generally required to read the 
samples. 
In a variation of the above experimental procedure, it was desired 
to test for evidence of possible permanent membrane damage that may have 
occurred during the treatment period. To examine this question, matching 
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sets of treatment flasks were set up as previously described, but at 
various times the ambient solutions were decanted and the tissue washed 
three times with large quantities of DMW. The solution was replaced 
with 100 ml of DMW and zero-time readings taken as before. The flasks 
were returned to the shaker. Subsequent readings were taken as usual. 
Pure water, as well as all the detergent solutions, permitted com­
plete passage of 538 m^ wavelength light giving readings of 100 percent 
transmittance (100 %T) . Therefore, all data were recorded as 7oT, the 
change in %T from 100 %T calculated, and represented by the symbol A%T 
in the figures in the results section. 
Effect of Trfeen-20 on the Salt Relations of Beet Root Tissue 
Beet discs were prepared as described for the pigment leakage exper­
iments. However, after the four-hour initial washing in tap water, the 
discs were transferred to a battery jar containing three liters of a 2 x 
10 CaSO^ solution (Epstein, 1966 and Osmund and Laties, 1968). The 
solution was replaced daily. On occasion 50 ppm streptomycin sulfate was 
added to hinder bacterial growth. For one hour prior to time-zero, the 
-4 discs were transferred to an aerating, three-liter solution of 2 x 10 M 
CaSO^ — 0.2M Tris - maleate buffer (pH 6.6) (Hurd, 1958). 
Buffered treatment solutions (0.2M Tris - maleate - pH 6.6) were 
made to a final volume of 40 ml per 125 ml Erlenmeyer flask. All solu-
-4 86 
tions contained CaClg at a concentration of 2 x 10 M. Rubidium 
was used as a tracer ion. The metal ion was obtained in 200yuci samples 
as the chloride salt (Rb CI) dissolved in HCl from Cambridge Nuclear 
Corporation. The solution was flushed from the vial with DMW into a 
50 ml beaker and evaporated to dryness under an infra-red lamp. The resi­
due was redissolved in DMW and made to a stock volume of 25 ml. Aliquots 
were taken from this stock solution and added to the proper amount of 
non-labelled RbCl solution such that the final concentration of the ab-
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sorption solution was 10 M in Rb with a radioactivity level of at least 
2500 counts per minute per ml as determined with a thin-window gas-flow 
detector on a Nuclear-Chicago sample changer and scaler. 
Rubidium absorption times varied according to the type of experiment 
performed. Where an examination of the capacity of the beet root tissue 
to retain previously accumulated Rb against the presence of a post-
treatment of Tween-20 was desired, a preabsorption period of twelve hours 
was allowed. Absorption of Rb in the presence of Tween-20 was followed 
at intervals up to six hours. After all absorption periods, whether pre-
treatment or with treatment, the tissue was washed three times in DMW 
and placed in 100 ml of a 5 x 10 solution of non-radioactive RbCl for 
fifteen minutes. Post-absorption treatment time with Tween-20 was two 
hours after which the tissue was again washed in DMW. 
All experiments were run in a water-bath reciprocating shaker main­
tained at 25 C. At zero-time, a predetermined number of discs were 
immersed in the solution in each flask. Samples were taken at the appro­
priate times by quickly removing four or five discs (standard number of 
samples for any one experiment) with a bent spatula. The samples were 
washed in DMW and desorbed if required as noted above. After washing, 
the discs were carefully blotted between paper towels and their Individual 
fresh weights recorded. The tissue slices were then placed singly into 
IV X 5/16" aluminum planchets and taken to grey ash in a muffle furnace 
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at 500 C. After ashing and cooling, one ml of DMW plus one drop of liquid 
household detergent concentrate was added to disperse the ash evenly over 
the bottom of the planchets. The liquid was then evaporated to dryness 
under an infra-red lamp. The radioactive content of the ash was deter­
mined by counting twice to ten thousand counts with a thin-window gas-
flow detector on a Nuclear-Chicago automatic sample changer and scaler. 
All data was corrected for background and expressed as nanomoles Rb 
per gram fresh weight. 
Respiratory Effects O K  rween-20 
To provide tissue slices small enough to fit 20 ml Warburg flasks, 
discs were cut as described above but from beet-root tissue cores 8 mm 
-4 in diameter. The tissue was washed in tap water and in 2 x 10 M CaSO^ 
solution as usual. However, the one-hour pre-experimental buffer treat­
ment employed 0.2M phosphate buffer at pH 6.6. 
The respirometer flasks were calibrated according to Umbreit, et al. 
(1959). Calibration and all experiments were carried out at 25 C and were 
prepared as follows: 
a. Flask - one ml of 0.4M phosphate buffer. 
b. Center-well - 0.2 ml of 20% fresh KOH with a fluted filter 
paper wick. 
c. Side-arm - one ml treatment solution at a concentration twice 
that desired. 
One gram of tissue was placed in the bottom of each flask except 
those reserved for thermobarometrie measurements. One ml of DMW was added 
to each of two thermobarometer flasks in place of the tissue samples. The 
total fluid volume of each flask was 3.2 ml. The side-arm was stoppered 
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and the flask placed on its respective manometer. All joints were sealed 
with lanolin. The entire assembly was placed on the shaker plate of the 
apparatus so that the flask was immersed in the water bath. Equilibration 
time was fifteen minutes with shaking after which zero-time readings were 
taken using 150 ram on the closed manometer arm as the reference point and 
the flask-manometer assemblies closed to the atmosphere. Every fifteen 
minutes thereafter, shaking was stopped and the manometers read. An entire 
set of eighteen readings took approximately ninety seconds before shaking 
was resumed. After the 45 minute reading, the treatment solutions were 
"tipped-in" from the side-arm reservoirs. Subsequent measurements were 
made again at fifteen-minute intervals for at least two hours beyond "tip-
in" or until an "off-scale" reading appeared on one of the manometers. 
Data was recorded as millimeters of Brodie Fluid in the open arm of 
the manometers. All values were corrected for thermobarometrie fluctua­
tions and the oxygen uptake calculated and expressed as microliters of 
oxygen (Og) per gram fresh weight of tissue. 
Statistical Analysis 
Certain of the data were subjected to an analysis of variance. All 
statistical manipulations were performed under the direction of Dr. David 
Cox of the Department of Statistics, Iowa State University, Ames, Iowa, 
at the Computation Center. As noted in the results section, one set of 
data was analyzed for significance of fit to several models via least 
squares regression analysis. No further statistical treatment of the data 
was considered necessary. 
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RESULTS 
The effects of Tween 20 on the cell permeability of beet root 
tissue were conditioned by tempei'ature, surfactant concentrations and 
exposure times. The observed efflux of betacyanin demonstrated sig­
nificant and often permanent cell membrane damage; the exact nature of 
these effects was less clearly defined. In general, respiratory 0^ 
uptake was depressed in the presence of Tween 20. A similar inhibition 
of Rb"*" uptake by the surfactant was demonstrated with all concentra­
tions of Tween 20. Pretreatment of beet tissue with surfactant for 
periods of four and six hours produced patterns of Rb uptake which 
suggested an inhibition-recovery response to Tween 20, 
Effects of Tween-20 on the Efflux of Betacyanin from Beet-root Tissue 
The time course of betacyanin efflux from beet-root tissue slices 
at 25 C, shown in Figure 1, demonstrated that increasing concentrations 
of Tween-20 (0-5% - v/v) enhanced both the rate and the total extent of 
pigment leakage. The initial effects of the surfactant at the 0.1, 0,5, 
and 1.0% levels on membrane permeability were effective only within the 
first four hours of treatment. The linear portion of the curves for the 
5.0, 1.0, and 0.5% levels of detergent were parallel throughout the re­
mainder of the 24 hour experimental period. However, from data obtained 
in previous preliminary experiments (indicated by an asterisk on Figure 1), 
the first effects of 5% Tween-20 were not completed until eight hours 
after which the change in percent transmittance (A %T) became linear with 
Figure 1. Effects of Tween-20 on betacyanin efflux as measured by changes in percent 
transmittance (A %T) during a 24-hour interval at 25 C 
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time. With the lower 0.1% treatment, the increase in pigment efflux was 
not appreciably greater than the water control. Both reached a sustained 
maximum in the first 4.5 hours. 
The effects of reduced temperature on Tween-20-induced betacyanin 
efflux are summarised in Figure 2 for 15 C and in Figure 3 for 1 C. In 
both experiments, there was an initial rapid efflux of pigment within the 
first 4.5 hours, after which the curves for leakage in the presence of 
1.0, 0.5, and 0.1% Tween-20 became linear and essentially parallel to 
that of the control. The effect of reduced temperature was to minimize 
the extent of pigment leakage and presumably membrane damage in the lower 
concentrations of detergent. However, at 15 C (Figure 2), beet-root 
tissue in the presence of 5% Tween-20 lost pigment to the solution at an 
overall rate much lower than at 25 C. Further, there did not appear to 
be as rapid an initial effect but a rather constant curvilinear relation­
ship over the entire time. At 1 C (Figure 3), 5% Tween-20 had essentially 
no effect over the control up to 4.5 hours. Yet, beyond 4.5 hours treat­
ment, a sharp linear increase in pigment efflux occurred, and continued 
until termination at 24 hours. Thus there appeared to be a lag-time of 
4.5 hours during which 5% Tween-20 at 1 C exerted its effect on the perm­
eability of the beet-root cells. This then became apparent as a steady 
efflux of pigment at times beyond this 4.5 hour induction period. 
It is seen, then, that there was a definite protective effect of 
reduced temperature on the beet-root cell membrane against Tween-20 damage 
as assayed by betacyanin appearance in the anibient solution. An analysis 
of variance revealed a complex series of actions and interactions (Table 1). 
In light of the results presented above, it became evident that 
Figure 2. Effects of Tween--20 on betacyanin efflux as measured by changes in percent 
transmittance (A %T) during a 24-hour interval at 15 C 
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Figure 3. Effects of Tween-20 on betacyanin efflux as measured by changes in percent 
transmittance (A%T) during a 24-hour interval at 1 C 
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better characterization of the nature of the effect of Tween-20 on beet­
root tissue might be obtained if the surfactant were removed from the 
system and its possible permanent effects determined. Therefore, the 
experiments were repeated at 25 C employing three duplicate sets consist­
ing of treatments of HOH, 0.5, 1.0, and 3.0% Tween-20. At intervals of 
four, eight, and twelve hours of treatment time, a set was washed in 
D,M.W. so as to remove all of the detergent and the solutions replaced 
with D.M.W. Readings were then continued for the duration of the 24-
hour experimental period. All treatments were replicated three times 
and the means plotted asA%T versus time in Figures 4(a), (b), and (c). 
It is quite apparent that the Tween-20-induced pigment leakage as seen 
in Figure 1 was not dependent upon the continuous presence of the surface-
active agent. The removal of the detergent did not cause cessation of 
betacyanin efflux. This then indicates that the detergent has caused 
permanent damage to the cell membranes of the beet-root tissue. Further, 
this damage was manifested within the first four hours of treatment since 
no further increase in the dye leakage occurred after the eight and 
twelve hour pretreatments (Table 1). 
Respiratory Response to the Presence of Tween-20 
Figure 5 shows the effects of Tween-20 on respiratory oxygen (0^) 
uptake as measured over time via Warburg respirometry. All concentra­
tions employed except 0.5% caused a decrease in the uptake of 0^ by 
beet-root tissue slices, Tween-20 at the 0.5% level caused a slight 
increase over the control. Further, the extent of inhibition was varied 
with increasing detergent concentration. In all cases, however, the 
Figure 4. Effects of pretreatment with Tween-20 for 4, 8, and 12 
hours on betacyanin efflux as measured by changes in 
percent transmittance (A%T) at 25 C 
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Table 1. Analysis of variance on the effects of temperature and Tween-20 
treatment on the efflux of betacyanin from beet tissue over 
time 
Variates Sum of 
squares 
df Mean 
square 
f 
Treatment 21535.1 4 5384.0 1326.0* 
Temperature 4945.6 2 2472.8 609.0* 
Time 7023.0 4 1755.7 432.4* 
Treatment X 
Temperature 1344.3 8 168.0 41.4* 
Treatment X 
Time 7944.7 16 496.5 122.3* 
Temperature X 
Time 367.6 8 45.9 11.3* 
Treatment X 
Temperature X 
Time 314.6 32 9.8 2.4 
Error 609.1 150 4.1 
Total 44084.9 224 
^Denotes significance at P = 0.01. 
effect of the surface-active agent, whether enhancement or inhibition, 
occurred within thirty minutes after "tip-in." Respiratory 0^ uptake was 
then maintained at a constant rata for the duration of the experiment for 
all treatments after the initial effect. The data presented in Figure 5 
represent the means of two replicates and are significant at p = 0.01 
(Table 2). 
Results of a further examination of the effects of varying 
Figure 5. The effect of varying concentrations of Tween-20 on the uptake of 0 in 
microliters per gram fresh weight of beet discs at 25 C. The fluid volume 
per Warburg flask was 3.2 ml buffered to pH 6.6 with 0.2 M phosphate buffer. 
Equilibration time was 15 minutes. "Tip-n" was performed 45 minutes after 
time-zero 
8 
T 
MICROLITERS Oj USED/GRAM FRESH WEIGHT 
o 
o « 
at 
O 
Ul 
Z 
m 
z 
c 
N 
Ol 
m 
-S 
o 
ot 
« 
« 
en o 
--2S 
Ol 
ss 
0£ 
31 
Table 2. Analysis of variance on the effect of Tweeii-20 on 0^ uptake by 
beet discs over time 
Variates 
Sum of 
squares 
df 
Mean 
square 
f 
Treatment 12913.6 6 2152.3 27.0* 
Time 1074405.0 10 107440.5 1349.2* 
Treatment X 
Time 6492.1 60 103.2 1.4 
Error 6131.9 77 79.6 — - - — 
Total 1099943.0 153 — — - - — - - — 
^Denotes significance at p = 0.01. 
concentrations of Tween-20 on the per-gram-fresh-weight uptake of 0^ after 
two hours of treatment are presented in Figure 6 (shaded bars and upper 
curve). Here it is again apparent, with respect to the histogram, that 
no simple relationship between concentration and respiratory response 
exists. As concentration of Tween-20 Increased from 0.01% to 0.1%, 
there was increased inhibition of 0^ uptake. However, 0.5% Tween-20 
caused a 5% enhancement over the control and a 20% increase over the 
lower 0.1% treatment. Again, increasing the concentration beyond 0.5% 
caused a rapid decline in oxygen uptake below that of the control. 
In an effort to further describe the results presented in Figure 6, 
a series of statistical least squares regressions was run with the aid of 
the Statistical Laboratory and Computation Center, Iowa State University, 
Ames, Iowa. Tests on second, third, and fourth degree quadratic models 
showed no significance of fit. However, although the variability here 
Figure 6. A comparison of the effects of a two-hour treatment of beet-root tissue 
in varying concentrations of Tween-20 on retention of preabsorbed Rb 
(open bars) and uptake of 0„ in microliters per gram fresh weight (shaded 
bars) at 25 C. Regression lines represent statistical fits to linear 
models via least squares analysis, 0„ and Rb experiments were carried 
out in systems buffered to pH 6.6 with 0.2 M phosphate and 0.2 M Tris-
maleate respectively. Rb preabsorption time was 12 hours. Absorption 
solution contained 10"^ M Rb®^ • RbCl - 2 x 10"4 m CaCl„ 
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precluded any very decisive statements, the linear trend approached sig­
nificance and was probably real (Table 3). 
Table 3. Analysis of variance on the effect of Tween-20 on 0„ uptake by 
beet tissue 2 hours after beginning of treatment, and on the 
linear regression analysis 
Variates 
Sum of 
squares 
df 
Mean 
squares 
f 
Treatment 5624.0 6 937.0 8.22* 
Linear trend 2755.0 (1) 2755.0 4.80** 
Lack of fit 2869.0 (5) 574.0 2.26 
Error 1028.0 9 114.0 — — — — 
Total 6652.0 15 
^Denotes significance at p = 0.01. 
**Denotes significance at p = 0.059. 
This regression analysis yielded the equation Y = 227.0 - 6.2X. 
With this it is taken that a series of increasing concentrations of 
Tween-20 from 0.01 to 5.0% (v/v) caused a general decline with concen­
tration in the oxygen uptake by beet-root tissue. 
Effect of Tween-20 on the Uptake 
and Retention of Rb by Beet-root Tissue Slices 
""A- 86 
Figure 7 shows the time course of Rb uptake from a 10 M Rb • RbCl 
solution by beet-root tissue over one hour. The gross tissue Rb 
"A 86 —^ 
Figure 7. The uptake of Rb from a 10 M Rb • RbCl - 2 x 10 M CaCl^ solution in 
nanomoles per gram fresh weight at 25 C. The upper curve represents 
total-tissue Rb content after DMW wash. Lower curve reflects net accumu­
lation after 15 minutes of desorption in unlabelled 5 x 10 M RbCl and 
DMW wash. The pH was maintained at 6.6 with 0.2 M Trismaleate buffer 
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content, or that in the non-desorbed samples, showed a rapid initial 
rate of uptake which was complete within the first twenty minutes. After 
this initial shoulder, the uptake proceeded at a constant rate for the 
rest of the hour period. "Net accumulation" of Rb is depicted by the 
lower curve in Figure 7. It is seen that after fifteen minutes of wash-
-4 
exchange (desorption) in unlabelled 5 x 10 M RbCl, the curve obtained is 
linear from zero-time and parallels the linear portion of the gross uptake 
curve. It is taken from the data that a fifteen minute desorption period 
was sufficient to remove the ions from the water free space (W.F.S.) 
and the exchangeable free space (E.F.S.), whereas that Rb remaining re­
presents those ions maintained against mass action and cation exchange, 
i.e. within a diffusion barrier. With this, then, all subsequent data on 
the uptake of Rb represent that amount of ion remaining after fifteen 
-4 
minutes of desorption in 5 x 10 M RbCl. 
The effects of varying concentrations of Tween-20 on Rb accumulation 
by beet-root discs is shown in Figure 8. Most obvious was the inhibition 
of uptake with increased Tween-20 concentration. There appeared to be 
two phases of uptake induced by Tween-20. One occurred within the first 
four hours, as shown with 0.05 and 0.5%, and reached a maximum by that 
time. After four hours and by six hours, the rate of Rb uptake in 0.05, 
0.5, and 1.0% Tween-20 had increased to that of the control. There ap­
peared to be some rate recovery even in the presence of 5.0% Tween-20. 
Table 4 presents the results of an analysis of variance on the data 
which produced the family of curves in Figure 8. 
As shown in Table 4, treatment and time effects were extremely sig­
nificant and no interaction was indicated, i.e. all curves were parallel. 
Figure 8. The effect of varying concentrations of Tween-20 on net Rb uptake 
by beet-root tissue in nanomoles per gram fresh weight at 25 C. 
Salt concentration was 10-4 m Rb®° • RbCl - 2 x 10"^ M CaCl^ in a 
0.2 M Tris-maleate buffer solution at pH 6.6 
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Table 4, Analysis of variance of the effect of Tween-20 on the uptake 
of id) by beet tissue with time 
Variates Sum of 
squares 
df Mean 
squares f 
Treatment 232447.50 6 38741.25 6.37* 
Time 178713.36 3 59571.19 9.80* 
Treatment X 
Time 117171.75 18 6509.54 1.07 
Error 510796.75 84 6080.91 
Total 1039129.56 111 
^Denotes significance at p = 0.01. 
Figure 8 shows some response differences which appeared to be inconsistent 
with the statistical conclusions, indicating a possible time-treatment 
interaction in response to certain of the Tween-20 concentrations. 
In order to further examine this apparent bi-phasic response to the 
surfactant, discs were pretreated for four hours in buffered (pH 6.6) 
solutions of the detergent, washed in D.M.W. and plunged into a buffered 
(pH 6.6) 10 Rb^^ * RbCl solution. Figure 9 represents the results of 
such an experiment. Pretreatment in all concentrations of Tween-20 failed 
to show the initial inhibition noted in Figure 8. Up to four hours there 
was no difference between the treatments and the control. Whatever effect 
the presence of the surfactant had on the first phase of uptake in the 
experiment shown in Figure 8, the D.M.W. wash after pretreatment relieved 
it, In the time period of 4-6 hours after a four hour pretreatment and 
Figure 9. The effect of a four-hour pretreatment in Tween-20 on the subsequent time-
course of Rb uptake in nanomoles per gram fresh weight of beet tissue 
at 25 C. Absorption solutions contained 10"^ M Rb85 . RbC] - 2 x lOr^ m 
CaClg and were buffered to pH 6.6 with 0.2 M Tris-maleate. Desorption 
time was 15 minutes in 5 x 10"4 m RbCl 
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the subsequent onset of Rb uptake, the amount of ion in the tissue remained 
the same as in the 2-4 hour period. This then indicates that the effect 
of a four hour pretreatment in Tween-20 was to abolish the second high 
rate phase of Rb uptake occurring from 4-6 hours in the control and 
0.05% treatments (Figure 9) and in the 0.05, 0.5, and 1.0% treatments 
shown in Figure 8. From this it was thought that since the initial rate 
reduction in the presence of Tween-20 was overcome in the 4-6 hour time 
period (Figure 8) and since a four hour pretreatment and wash sequence 
produced no initial inhibition of Rb uptake but prevented the second phase 
of uptake (Figure 9), then some change had occurred in the tissue during 
the 0-4 hour period in Tween-20 pretreatment that served to alleviate 
any subsequent initial reduction but to maintain inhibition of the second 
phase. Further, both the inhibition and the release of this inhibition 
appeared to require the presence of the detergent (Figures 8 and 9). 
If this were true, then a six hour treatment in Tween-20 prior to a six 
hour Rb uptake period should renew in the tissue an ability to accumulate 
Rb at a rate like that of the control throughout the period of uptake. 
Figure 10 shows that this was, in fact, the case. Discs pretreated in 
0.05, 0.1, and 5.0% Tween-20 for six hours absorbed Rb at a rate indis­
tinguishable from that of the control. Moreover, two of the treatments, 
0.5 and 1.0% showed slightly more increased rates in the 4-6 hour absorp­
tion period again suggesting biphasic uptake. 
Figures 11 and 12 show the results of experiments similar to those 
represented in Figures 9 and 10. It should be noted that higher rates of 
uptake were observed. This was due to a change in the source of beets. 
Since the author's commercial supply unexpectedly dwindled and future 
Figure 10. The effect of a six-hour pretreatment in Tween-20 on the subsequent 
time-course of Rb uptake in nanomoles per gram fresh weight by beet 
tissue at 25 C. Absorption solutions contained 10"^ Rb86 . RbCl -
2 X 10"4 M CaClg and were buffered to pH 6.6 with 0.2 M Tris-
maleate. Desorption time was 15 minutes in 5 x 10"^ M RbCl 
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Figure 11. The uptake of Rb in nanomoles per gram fresh weight of beet tissue 
following a four-hour pretreatment in 0.1 and 0.5% Tween-20 at 25 C. 
DMP was added where designated (arrow) to a final concentration 
of 10"^ M. Absorption solutions contained 10"^ M Rb^^ • RbCl -
2 X 10"^ M CaCl- and were buffered to pH 6.6 with 0.2 M Tris-maleate. 
Desorption time was 15 minutes in 5 x 10"^ M RbCl 
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Figure 12. The uptake of Rb in nanomoles per gram fresh weight of beet tissue follow­
ing a six-hour pretreatment in 0.1 and 0.5% Tween-20 at 25 C. DNP was 
added where designated (arrow) to a final concentration of 10"^ M. Ab­
sorption solutions contained 10"^ M Rb^ô . RhCl - 2 x 10"^ M CaCl 
and were buffered to pH 6.6 with 0.2 M Tris-maleate. Desorption time 
was 15 minutes in 5 x 10-4 m RbCl 
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availability became extremely uncertain, the tissue used here was cut 
from fresh harvested beets donated by a private grower in the Ames area. 
Nevertheless, the effects of 0.1 and 0.5% Tween-20 were similar to those 
described above but on a slightly larger scale. Again, four hour pre-
treatment showed the characteristic 4-6 hour inhibition of uptake (Figure 
11), whereas six hour pretreatment not only relieved inhibition but en­
hanced Rb accumulation over the control. Also apparent is the bi-phasic 
nature of the Tween-20 effect. 
-4 
The effect of 10 M 2,4-dinitrophenol (DNP), an uncoupler of oxida­
tive phosphorylation, is shown in Figure 11. Discs were pretreated in 
0.1 and 0.5% Tween-20 for four hours prior to a six hour Rb absorption 
_3 period. At four hours into the uptake period, 1.2 ml of a 5 x 10 M DNP 
solution was added to the appropriate experimental flasks to give a final 
-4 
concentration of 10 M DNP in a volume of 60 ml. By the end of the six 
hour absorption period and thus the two hour DNP treatment period, inhi­
bition of Rb accumulation was obvious. Moreover, DNP caused a net loss 
of the ion from the tissue in both the HOH and 0.1% Tween-20 treatments. 
However, whereas 0.1% Tween-20 enhanced the inhibitory action of DNP 
relative to the controls, 0.5% Tween-20 was somewhat protective. In fact, 
0.5% Tween-20 plus DNP served only to prevent further uptake of Rb from 
four to six hours but caused no net loss of ion. This same trend was 
shown after six hours of pretreatment (Figure 12). Again DNP addition 
at four hours to the HOH and 0.1% Tween-20 treatments caused a net loss 
of Rb. In this case, however, DNP plus 0.5% Tween-20 produced a great 
inhibition relative to the detergent control of the same concentration, 
but only a slight decrease from the water control. Furthermore, the uptake 
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of Rb by the 0.5% plus DNP treated discs merely was depressed but not 
completely stopped as in those discs pretreated for four hours (Figure 
11).  
It was shown earlier that Tween-20 had drastic effects on the ability 
of beet-root tissue to retain its natural pigment betacyanin. The cells 
of fresh, washed discs maintained this pigment against diffusion and 
presumably were filled with it. The question then was raised whether 
beet cells prefilled with Rb prior to a two hour immersion in solutions 
of varying concentrations of Tween-20 would exhibit similar characteris­
tics of leakage. Discs were allowed to absorb Rb for 12 hours at 25 C 
from an aerated 10 Rb^^» RbCl solution, desorbed for 15 minutes in 
-4 
unlabelled 5 x 10 M RbCl, and plunged into Tween-20 solutions ranging 
from 0.01% to 5.0% (v/v) on a 25 C shaker. The results are presented 
in Figure 6 by the open bars and the lower regression curve. The general 
effect of increased detergent concentration is a reduced ability of the 
beet-root cells to retain pre-absorbed Rb. Again, as discussed earlier 
for the Og uptake curve, the linear trend was found to be the most sta­
tistically representative of the data obtained and yielded a linear 
regression equation of Y - 144.2 - 7.OX (Table 5). 
A comparison of the regression lines in Figure 6 shows an almost 
identical trend for both the effect of Tween-20 on 0^ uptake and on Rb 
retention in that the slopes were 6.2 and 7.0 respectively. However, it 
must also be noted that the treatment means indicated by the histogram, 
for both the 0^ and Rb experiments follow each other for any one treat­
ment relative to the others, i.e. Rb retention Increases in response to 
the same treatment in which 0^ uptake increases and vice-versa. The 
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Table 5. Analysis of variance on 
preabsorbed Rb by beet 
the effect of 
tissue 
Tween-20 on retention of 
Variates Sum of 
squares 
df Mean 
squares f 
Treatment 10611.0 5 2122.0 
Linear trend 6616.0 (1) 6616.0 6.62* 
Lack of fit 3995.0 (4) 999.0 
Error 109443.0 24 4560,0 
Total 120054.0 
^Denotes significance at p = 0.05. 
main problem in a final analysis of the results, however, is an unduly 
large variation among replications of the same treatment in the Rb reten­
tion experiments. A correlation coefficient between the two histograms 
could be calculated, but the sampling error would be huge giving a value 
of little meaning. 
It was found throughout the course of this investigation that 
Tween-20 effects were rather subtile, in general. In addition, replica­
tion and reproducibility were satisfactory except in those experiments 
where the parameter being assayed was taking place in the presence of the 
detergent. Spurious results were a constant hazard in this situation. 
However, separation of the surfactant treatment from the measurement of 
its effects, as in the pretreatment experiments yielded reproducible 
results. 
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DISCUSSION 
The responses of red beet root cells to the surfactant Tween 20, as 
measured by efflux of betacyanin, were conditioned by temperature, sur­
factant concentrations and exposure times. In general the effects of the 
non-ionic surfactant Tween-20 on the permeability of beet-root cell 
membranes were not clearly defined, but evidence was obtained indicating 
progressive membrane damage with increasing concentration. The efflux 
of the vacuolar pigment, betacyanin, increased with increasing detergent 
concentration. Reduced temperature did not decrease leakage induced by 
high concentrations. Rubidium accumulation was inhibited in the presence 
of Tween-20; the severity increased with increasing surfactant concen­
tration. With time, however, the repression effect on salt transport 
was minimized. A closer examination of this inhibition-recovery response 
revealed some peculiarities which may represent inherent differences be­
tween the plasmalemma and the tonoplast. 
Evaluation of the effects of the non-ionic detergent Tween-20 on 
both betacyanin retention and the salt transport in the cells of beet­
root tissue depends upon considerations of intercellular compartmentation. 
In their work on the phytotoxicity of oile^ van Overbeek and Blondeau 
(1954) used the red beet bloassay. Their results and discussion were 
based on the assumption that the cell membrane is the barrier retaining 
betacyanin. Slegel and Daly (1966) and Siegel (1969), however, considered 
the pigment to be vacuolar. Observations of free-hand sections in both a 
water medium and a plasmolytic 1 M sucrose medium, substantiated the 
presence of pigment in the vacuole. However, although no definite evidence 
is at hand, it is assumed that a small amount of the pigment is in the 
cytoplasm since it is the probable site of synthesis. That a cytoplasmic 
fraction would be small and thus difficult to distinguish is brought out 
by the electron microscope observations of Pitman (1963) . He reported 
that the cytoplasm of beet cells comprises about 5% by volume of the 
tissue, contains 5-10% of mitochondria, and appears as a layer of about 
the same thickness as the cell wall. The cell walls occupy about 57» of 
the tissue volume in intercellular spaces. Thus, including the 15-20% of 
cut or damaged cells in a 1 mm thick disc. Pitman (1963) calculates a 
remaining 70% available for vacuoles. From this, it is taken that the 
tonoplast is the main barrier to the loss of betacyanin. 
The increased efflux of betacyanin from discs of beet-root tissue at 
25 C in response to increasing concentrations of Tween-20 (Figure 1) was 
not the result of variable surface tension. The surface tensions of all 
the Tween-20 concentrations used were reduced to the same value of about 
40 dynes/cm (Parr and Norman, 1965; Buchanan, 1965; and Mi11away, unre­
ported data), and thus well beyond the critical micelle concentration 
(CMC) range, 0.01% <. CMC <0.05%. Preliminary tests using a solution 
of 0.001% Tween-20, with a surface tension of 50.8 dynes/cm had no effect 
on pigment leakage compared with a water control at 71.8 dynes/cm. The 
permeability of the vacuolar membrane as measured by increased pigment ef­
flux was due to the effect of the surfactant formulation either directly 
or indirectly. The term formulation is used here since Tween-20 is 
actually a complex mixture. The main compound, the Tween-20 molecule 
itself, is an ethoxylated sorbitol and its anhydrides esterified with 
1auric acid. However, as a result of the industrial synthetic process 
55 
involved, Tween-20 often contains free polyols, polyethylene polyols, 
polyethoxylated sorbitol, polyethoxylated sorbitan and the mono- and 
diesters of the above polyols (Smith and Foy, 1966; and personal communi­
cation with the Atlas Chemical Co., Wilmington, Delaware). MacDowell 
(1963) noted also that Tween-20 could contain up to 8% unesterified 
oleate and 9% unesterified laurate. 
The apparent effect of reduced temperature in protecting the cell 
membranes from surfactant damage was at best a short term effect. Whereas 
the initial rapid efflux of pigment in response to 5.0% surfactant solu­
tion was essentially completed in eight hours at 25 C (Figure 1), lower­
ing the temperature to 15 C (Figure 2) or to 1 C (Figure 3) only decreased 
the initial efflux rate, thus making the overall rate more constant. 
However, the final total pigment leakage after 24 hours was not appreci­
ably reduced. Pigment efflux in the 0.1, 0.5, and 1.0% solutions of 
surfactant at 15 C and 1 C was reduced to levels not greatly different 
from those of the water controls. 
The effect of temperature on the efflux of betacyanin has been studied 
by Siegel (1969). He found beet-root tissue to be stable at 25 C toward 
1007c. Og at STP and unaffected by N-anoxia. However, increased temperature 
induced an 0^ dependence for stability up to 60 C, beyond which the pres­
ence of Og increased leakage. He concluded that at 25 C labile groups on 
the membranes were concealed but became increasingly more exposed to 
oxidation as temperature was increased due to conformational changes in 
the protein portions of the membrane. Similarly, Jirgensons (1961) found 
that the molecules of the anionic detergent Aerosol OT (sodium dioctyl 
sulfosuccinate) were able to combine with proteins and effect 
conformational changes. These changes appeared as an unusual increase 
in the optical rotatory dispersion constant due to unfolding of the protein 
chain. He concluded that the mechauism lay in the penetration of the 
hydrophobe of the detergent molecule into the hydrophobic interior of the 
macromolecule where it remained bound by weak cohesive forces. This is 
consistent with the finding that several non-ionics representative of the 
polyether alcohols (Igepals) and the Tweens were inhibitory to the growth 
of algae, particularly those with high amounts of protein and lipid in 
the cell membrane or in the cell wall (Ukeles, 1965). 
That Tween-20 treatment caused permanent damage to the membranes of 
the beet tissue cells is evident from the results of the pretreat-wash se­
quence depicted in Figure 4. Irreparable damage occurred with 0.5, 1.0, 
and 5,0% Tween-20 solutiou.s within thç first four hours (Figure 4a). 
However, by the fact that leakage from the 8 and 12 hour pretreatments 
proceeded at a slightly slower rate and to a lesser extent, it was evident 
that damage had occurred to a maximum in any given concentration within 
the initial four hours. Examination of Figure 1 revealed that increased 
betacyanin efflux occurred as early as within one hour after time-zero. 
Even more striking was the effect of 5.0% Tween-20 at 1 C (Figure 3). At 
this low temperature where biological activity would be greatly reduced, 
the surfactant caused a rapid steady rate of pigment efflux. This is well 
in accord with the results of Hodes e_t al., 1960 and Palmer £t al., 1961 
who found that after a short term exposure of Erhlich ascites tumor cells 
to 3.0% solutions of non-ionic detergents at 4°C, the cells became permeable 
to the large molecules of the vital dye nigrosin. 
The respiratory 0^ uptake by beet tissue discs was inhibited by 
Tween-20 concentrations ranging from 0.01% to 5.0% and only slightly en­
hanced by a 0.5% solution (Figures 5 and 6, shaded bars). This decrease 
was somewhat unexpected in light of MacDowell's (1963) results, but the 
concentrations used here were much higher. In his work with isolated 
tobacco roots, MacDowell (1963) found that 0.001% Tween-20 depressed 
excretion of nicotine while free 1auric and oleic acids stimulated its 
release. Furthermore, this same concentration of Tween-20 was found 
to enhance 0^ uptake as did the free fatty acids. Thus, whereas 0.001% 
Tween-20 is below the CMC and therefore not at a level which would be 
expected to disrupt lipid and protein membrane components (Jirgensons, 
1961), all the concentrations used in this study were beyond the CMC. As 
surfactant concentration is increased, beyond the CMC, micelle formation 
occurs and there is an increase in the ability of the surfactant to solub-
ilize water-insoluble material such as proteins and lipids (Parr and 
Norman, 1965; and Shinoda, 1967). In other words, cell membrane damage 
is a probable result of and is favored by the surfactant concentrations 
employed in this work. Since the passage of materials into and out of 
the cell interior is mediated by the cell membrane and/or the tonoplast, 
an alteration in membrane structure may have profound effects on the gas 
exchange properties of the membranes. Further, free fatty acids such as 
those present as contaminants of the Tween-20 formulation have shown both 
stimulatory (MacDowell, 1963) and inhibitory effects (Tso, 1964) on cell 
respiration depending on concentration. 
Freshly cut discs of beet-root tissue exhibit rather poor ion uptake 
properties but a highly active absorptive capacity develops after a 72 
hour aging period in 5 x 10 CaSO^ (Osmund and Laties, 1968). They 
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further reported that this increase in ion accumulation with age was 
paralleled by the development of dual isotherms distinguishable by their 
selective nature toward high and low ambient salt concentrations. Work 
reported by Torii and Laties (1966a and 1966b) indicated that the dual 
isotherms reflected spatially separated ion absorption processes, namely, 
systems I and II of Epstein et al., 1963. Torii and Laties (1966a and 
1966b) proposed that system I which operates in the salt concentration 
range 10 to 5 x 10 reflected transport across the plasmalemma, 
-3 -2 
whereas system II (10 M to 5 x 10 M) was indicative of transport across 
• ' —Zj. 
the tonoplast. Therefore, the 10 M concentration of RbCl used in this 
investigation was near the upper limit for maximum operation of system I 
at the plasmalemma. Therefore, the Rb levels observed in the first two 
hours should reflect uptake into the cytoplasm. However, as the cyto­
plasmic concentration of Rb increases with time to a level above that in 
the external solution, system II should become operative at the tonoplast. 
This is based in part on the 5% volume of cytoplasm present in a beet disc 
(Pitman, 1963) and in part on the lower external concentration threshold 
of system II, i.e. 10 (Epstein et al., 1963; Epstein, 1966; Pitman, 
1963; and Osmund and Laties, 1968). The position held here is that when 
the cytoplasmic Rb concentration increased above that in the external solu­
tion and reached the lower limit of system II, the cytoplasm then became, 
in effect, the ambient solution relative to the tonoplast. From this 
point, system II uptake subsequently would represent net active accumula­
tion shown by the linear portion of the curves in Figures 8, 9, and 10. 
This concept is consistent with the findings in the algae Nitella and 
Griffithsia. that as the external salt concentration was increased and 
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likewise that in the cytoplasm, the permeability of the plasmalemma in­
creased (G. P. Findlay and R. M. Spanswick, as cited in Osmund and Laties, 
1968). Further support is derived from Pitman's (1965) report that the 
cytoplasm appeared to function as part of the free space as well as a 
mixing chamber in high salt conditions favoring system II - mediated 
transport. 
It is conceivable then that the ability of beet-root tissue to over­
come the initial inhibitory effects of Tween-20 on Rb^ uptake (Figure 8) 
is a reflection of the early operation of system II at the tonoplast. 
"Early operation" is used not in terms of time but to imply initiation 
of system II activity at a lower threshold. This same inhibition-recovery 
+ 
response to T:%en-20 was reported by Parr and Norman (1964) for K uptake 
by tobacco roots but no explanation was offered. The biphasic nature of 
the surfactant effect was emphasized when the uptake of Rb^ was separated 
from Tween-20 treatment (Figures 9 and 10). Whereas the second phase of 
uptake was permitted after four hours of pretreatment in water and in 
0.05% surfactant, it was inhibited by the same pretreatment time in higher 
concentrations (Figure 9). These results would be expected in light of 
the time factor involved in the biphasic response to the presence of the 
surfactant (Figure 8). Thus since a DMW rinse released the effect noted 
in Figure 8, it is clear that the manifestation of the initial inhibition 
of Rb"*" accumulation via system I is dependent upon the simultaneous pres­
ence of Tween-20 during the uptake process. Further, it is apparent that 
the initial depression has occurred almost immediately (Figure 8) . Unlike 
the effect on the first phase of uptake, system II inhibition (Figure 9) 
was induced during the first four hours of pretreatment and persisted 
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throughout the following six hours in the absence of Tween-20. Regener­
ation of system II required a six hour pretreatment in the surfactant 
(Figure 10) but occurred either in its presence or absence. The nature 
of this regenerative effect remains speculative but some insight can be 
gained from the action of DNP and its apparent interaction with Tween-20, 
particularly at a surfactant concentration of 0.5% (Figures 11 and 12). 
If the respiratory enhancement produced by 0.5% Tween-20 (Figures 5 and 
6) were taken to be real as was found by MacDowell (1963), it could reflect 
the proposed uncoupling activity of free laurate and oleate.. Further, 
the stimulation of system II transport over the control by 0.5% Tween-20 
after six hours of pretreatment (Figures 10 and 12), the enhanced reten­
tion of preabsorbed Rb by 0.5% detergent (Figure 5, open bars), and the 
small depressive effect of the 0.5% plus DNP treatment compared to the 
drastic inhibition caused by DNP alone (Figures 11 and 12) are consistent 
with the findings that the Tweens as a group are all effective in over­
coming the toxicity of uncouplers of oxidative phosphorylation such as 
free fatty acids (Kidder et al., 1954). Thus it is tenable that the same 
protective mechanism operative against fatty acid toxicity is '^Iiso oper­
ative against DNP effects. In accord with this proposal is the report 
that while DNP immediately inhibited k"^ transport in beec disco, its 
effect preceded extensive ATP depletion (Polya and Atkinson, 1969). 
They proposed that the site of DNP inhibition in beet cells could be 
identical with the system inhibited by anaerobiosis, i.e. terminal oxi­
dases of electron transport systems. Also, L-ethionine, an ATP trapping 
agent had almost no effect on K uptake despite a 35% depression of tis­
sue ATP. Luttge and Laties (1967) found tonoplast mediated K and CI 
transport in corn roots to be less sensitive to uncouplers than that at 
the plasmalemma. Cram (1969) reported a reduction in tonoplast transport 
of CI in carrot-root cells in the presence of the uncoupler meta-chloro-
carbonyl cyanide phenyIhydrazone (CCCP) and under N-anoxia but attributed 
it to their effects on respiration. No effect on plasmalemma transport 
was noted. Cram (1969), like Polya and Atkinson (1969), concluded that 
the energy for transport was derived frcm seme high energy intermediate, 
indicating the electron transport systems, without the mediation of ATP. 
The overall phytotoxic effects of this surfactant remain unexplained. 
Future avenues of attack are suggested by the effects of detergents of 
different ionogenic types on the activation of one of the plastid enzymes, 
phosphatidase C (phospholipase C) (Kates, 1957). This enzyme catalyzes 
the hydrolysis of the phosphodiester linkage between phosphatidic acid 
and the nitrogenous base of phospholipids. Phospholipids, as well as 
proteins, being major components of biological membranes, are vital to 
both their structure and function. It is of interest also, that such 
enzymes as lipases, proteases, and especially phospholipase C have been 
shown to increase the permeability of beet-root cell membranes as measured 
by the efflux of betacyanin (Siegel and Daly, 1966). Herein lies a 
suggestion as to the mode of action of Tween-20 as described above. The 
tonoplast, being the primary boundary to the leakage of the betacyanin 
is in contact with the cytoplasm and thus all its enzymatic contents. 
The surfactant, having traversed the more exposed and more permeable 
plasmalemma and reaching the tonoplast could alter the conformation of 
the lipoprotein components of the membrane as put forth by Jirgensons 
(1961) and Ukeles (1965). In this event, the phospholipids would be 
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exposed to activated phospholipase C (Kates, 1957). In a similar fashion, 
cytoplasmic lipases and proteases would be permitted access to their 
respective substrates resident in the membrane. Through the combined ac­
tion of these enzymes, membrane structure could be altered to such an 
extent as to greatly increase its permeability to both betacyanin and 
accumulated ions in the vacuole. This again is consistent with the re­
ported release of cholesterol (Lovelock and Rees, 1955 and Barrett and 
Hodes, 1960) and phospholipids (Lovelock and Rees, 1955) from tumor cells 
and erythrocytes respectively, in response to non-ionic surfactant treat­
ment. On the other hand. Baker £t al.. (1941) suggested much earlier 
that the phospholipid portion of the bacterial cell membrane may be 
protective to the cell against synthetic detergents. This view was later 
supported by Ponder (1946) who found that erythrocytes were able to 
neutralize the hemolytic effects of some surfactants and that this was 
presumably due to the phospholipids in the plasmalemma. Possibly, then, 
non-ionic surfactants of the class represented by Tween-20 may initiate 
those biochemical changes contributory to membrane damage as well as 
those instirumental in providing the cell with a means of recovering and 
subsequently resisting incipient membrane lysis. 
Hence, the ion uptake inhibition-recovery response exhibited by the 
beet-root tissue in this investigation can be tentatively explained on 
the basis of the findings of the above-mentioned workers. 
If the work reported herein has done no more tl.an to add to the 
existing knowledge, it has brought to the surface and attempted to explain 
a raimber of previously unreported effects of one of several so-called 
"mild surfactants." 
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SUMMARY 
Increasing concentrations of Tween-20 enhanced both the rate and the 
final extent of betacyanin efflux, the effect being complete within 
the first four hours of treatment. 
Lowering the temperature from 25 C to 15 C and 1 C successively re­
duced betacyanin efflux in all concentrations of surfactant used 
except 5.0%. At this level, reduced temperature served only to delay 
the initial rate of leakage of the pigment, but after 24 hours the 
effect of the surfactant was the same at all three temperatures. 
Tween-20-induced pigment: efflux was not dependent upon the contin­
uous presence of the surfactant and thus continued after washing. 
A four-hour pretreatment was sufficient to cause a permanent effect. 
A general depression of respiratory 0^ uptake occurred with increas­
ing Tween-20 concentration. One level of surfactant, 0.5%, caused 
a slight enhancement over the control. 
Accumulation of Rb by beet-root tissue slices was inhibited by the 
presence of the surfactant at concentrations as low as 0.01%. This 
reduction appeared to be biphasic and indicated an ability of the 
tissue to overcome the initial effect of Tween-20 treatment. Four-
hour pretreatment in Tween-20, prior to a six-hour Rb^ uptake period 
in its absence, produced no initial inhibition but prevented the 
second phase of accumulation. 
Six-hour pretreatment before ion absorption caused no inhibitory 
effects as compared to the water control. Thus, initial inhibition 
as well as its release required the presence of the surfactant for 
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a period up to, but not in excess of, four hours. The release cf 
depression of both the first and the second phases of uptake required 
a pretreatment time of six hours. The biphasic nature of both the 
time-course of Rb accumulation by beet-root discs and the response 
to pretreatment in Tween-20 for four and six hours suggested the 
operation of two mechanisms for cation uptake. On the basis of the 
results and the literature reported herein, the implication was that 
the first phase of uptake be identified with the plasmalemma and 
cytoplasm and the second phase with the tonoplast and its enclosed 
vacuo]e. 
7. 0.5% Tween-20 pretreatment for six hours consistently caused enhance­
ment of subsequent Rb^ accumulation. Two other levels of surfactant, 
0.1 and 1.0%, also produced increased uptake under the same condi­
tions but not reproducibly. 
-4 + 8. 10 M DNP caused an overall inhibition of Rb uptake by the controls 
from time-zero. When added at four hours into the absorption period, 
DNP caused a net loss of Rb^ from the tissue. 
9. Pretreatment for four hours in 0.1% Tween-20 appeared to predispose 
the tissue to the effects of DNP. The inhibitor, when added at 
four hours into the uptake period and after a four-hour pretreatment 
in 0.1% surfactant caused a greater net loss of ion than in the DNP 
control. This same trend was obtained after six-hour pretreatment but 
was indistinguishable from the DNP control. 
10. The uptake of Rb^ by beet discs pretreated for four hours in 0.5% 
-4 
Tween-20 was stopped by 10 M DNP added at four hours into the up­
take period. No net loss of label occurred. 
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11. DNP produced a great inhibition of Rb^ absorption relative to the 
six-hour-pretreatment -0.5% surfactant control but only a slight 
depression when compared to the water control. It was suggested 
that the mechanism whereby the beet-root tissue was able to over­
come the Tween-20-induced inhibition of ion uptake may have been 
instrumental in producing a lesser response to DNP. This was taken 
as an indication of possible similarities in the action of Tween-20 
and DNP. 
12. Beet-root tissue cells exhibited a decreasing ability to maintain 
+ 
pre-absorbed Rb against increasing external concentrations of 
Tween-20. These findings paralleled the respiratory response of 
the tissue to a similar concentration series and are thus indicative 
of a requirement of respiratory activity to maintain a diffusion 
barrier. 
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